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Abstract
Thrombotic thrombocytopenic purpura (TTP) is a hematologic disorder that results in
widespread clotting due to a deficiency of a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13 (ADAMTS13) protease. This leads to excessive von
Willebrand factor (VWF) protein-platelet multimers. Due to platelet consumption, platelet
levels fall, resulting in thrombocytopenia. We examined a case of a 31-year-old female with no
significant medical history who presented with expressive aphasia and paresthesias and was
sent to the Emergency Department for a stroke workup. Imaging was negative for ischemic or
hemorrhagic stroke; however, a complete blood count (CBC) was consistent with anemia and
thrombocytopenia, resulting in a high suspicion for TTP. She was admitted to the intensive care
unit and given fresh frozen plasma and packed red blood cells. Plasma exchange therapy was
initiated, and her aphasia and paresthesias began to improve. The ADAMTS13 level returned at
less than 5%, which prompted the initiation of rituximab therapy. During her 36-day hospital
stay, she continued to receive daily steroids and plasma exchange and a total of four courses of
rituximab. Her platelets steadily climbed, and she was discharged with instructions to follow up
with outpatient hematology. TTP is a thrombotic microangiopathy that results in microscopic
blood clots anywhere in the body, including the cerebral arteries. This results in the neurologic
abnormalities that are often seen in TTP. Because TTP is a rare disease, treatment modalities
are still scarce but include steroids, plasma exchange therapy, and rituximab. Novel therapies
are on their way, one being caplacizumab, a monoclonal antibody that inhibits VWF from
interaction with glycoprotein 1b. A concern highlighted by this case is the exclusion criteria for
the administration of tissue plasminogen activator (TPA). As this patient presented with stroke
symptoms and a negative head CT, TPA would have been administered had a CBC not returned
showing evidence of TTP. This highlights the importance of strict adherence to the American
Heart Association/American Stroke Association guidelines that include ensuring that the
platelet count is >100,000 prior to the initiation of TPA.
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Thrombotic thrombocytopenic purpura (TTP) is a rare hematologic disorder causing
widespread clotting, resulting in low platelets. The disease results from a deficiency of the a
disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13
(ADAMTS13) protease, which results in excessive multimers of the von Willebrand factor
(VWF) protein-platelet complex attached to the vascular endothelium [1]. The classic pentad
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known as FATRN (fever, microangiopathic hemolytic anemia [MAHA], thrombocytopenia, renal
abnormalities, and neurologic symptoms) represents the disease in its most severe form [2].
Neurologic symptoms are most commonly headache and confusion, but in rare cases it can
present as seizures and focal deficits [2]. In the following section, we will examine a patient who
presented to her primary care physician with a complaint of upper respiratory symptoms along
with nausea, vomiting, diarrhea, and abdominal pain. During her visit, she began to exhibit
expressive aphasia and was sent to the Emergency Department (ED) for a stroke workup.

Case Presentation
A 31-year-old female with no significant medical history presented to the ED with garbled
speech that began just prior to arrival. In the days prior, she experienced viral upper respiratory
symptoms, as well as nausea, vomiting, diarrhea, and fatigue. Of note, she is an elementary
school teacher who is frequently exposed to contractible illness. Due to the persistence of her
symptoms, she saw her primary care physician. During the visit, she exhibited garbled speech
and was sent to the ED, where a stroke workup was initiated. Upon arrival, her altered speech
was still present, which included statements such as "I ate Benadryl for breakfast". She also
complained of paresthesias.
In the ED, the head CT was negative for acute intracranial findings (Figure 1).
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FIGURE 1: CT of the head: normal findings and no intracranial
pathology.

She was febrile with a temperature of 38.1 degrees Celsius. The possibility of initiating tissue
plasminogen activator (TPA) for acute ischemic stroke was discussed; however, complete blood
count (CBC) was returned with a hemoglobin of 6.6, a mean corpuscular volume (MCV) of 93 fL,
and a platelet count of 4,000. As the patient had neurologic symptoms with anemia and
thrombocytopenia in the setting of viral illness, TTP and hemolytic uremic syndrome (HUS)
were included in the differential diagnosis. She was admitted to the intensive care unit and
further workup was initiated. A peripheral smear was performed and showed schistocytes. LDH
(lactate dehydrogenase) was elevated at 1,154 and haptoglobin was decreased at <8, indicative
of intravascular hemolysis [3]. An ADAMTS13 level assay was ordered. Since this test takes
several days to return, her PLASMIC score was assessed using several variables including
platelet count, MCV, and INR (international normalized ratio) to calculate the probability of
severe ADAMTS13 deficiency [4]. Her score was 6, as shown in Table 1, indicating a high risk of
severe ADAMTS13 deficiency [4].
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Component

Our patient

Platelet count < 30 x 10 9 /L

4 x 10 9 /L

Hemolysis (indirect bilirubin > 2 mg/dL, uncorrected reticulocyte count >

Uncorrected reticulocyte 20.4%,

2.5%, or undetectable haptoglobin)

haptoglobin > 8

No active cancer in the previous year

No active cancer in the previous
year

Point
(0-1)
1
1

1

No history of solid organ or stem cell transplant

No history of solid organ or stem
cell transplant

1

Mean corpuscular volume < 90

Mean corpuscular volume: 93

0

International normalized ratio < 1.5

International normalized ratio: 1.1

1

Creatinine < 2 mg/dL

0.8

1

Total: 6

TABLE 1: Components of PLASMIC score and patient data.

A hematologist was consulted. Eight hours after arrival to the ED, she received 4 units of fresh
frozen plasma, 2 units of packed red blood cells and two courses of plasmapheresis, resulting in
a rapid resolution of aphasia and paresthesias. Her MRA (magnetic resonance angiography) was
negative for an embolic event, ruling out ischemic stroke (Figure 2). An infectious workup,
which included HIV (human immunodeficiency virus), stool Shiga toxin, mycoplasma, and
Epstein-Barr virus, was negative. Her antinuclear antibody was within the normal limits,
excluding rheumatologic causes. She was started on steroids and continued to receive daily
courses of plasmapheresis. Her ADAMTS13 level returned at less than 5%, confirming TTP, and
the decision to start rituximab was made. She received weekly therapy with a total of four
treatments during her hospital stay. Plasmapheresis was performed daily, excluding the days
that she received rituximab. From a hematologic perspective, she was initially slow to respond.
Her platelet count climbed very slowly, with transient dips throughout her hospital stay. The
patient continued to be examined by a neurologist and a hematologist. After a 36-day hospital
stay, she was discharged with a platelet count of just over 200,000 and a hemoglobin of 10.2.
She was placed on daily prednisone and instructed to follow up with outpatient hematology,
including weekly bloodwork.
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FIGURE 2: MRA of the brain: normal, negative for an embolic
event.
MRA, magnetic resonance angiography

Discussion
The pathophysiology of TTP is based on the ADAMTS13 protease, which cleaves the VWF
multimer. VWF is a protein-platelet complex essential in creating a platelet plug at the
endothelium of injured vessels [1]. In the acquired form of the disease, autoantibodies are
produced against the ADAMST3 protease, which results in persistent VWF multimers and
systemic thromboses. Platelet counts decrease as platelets are consumed causing
thrombocytopenia. MAHA in TTP results from shearing forces as red blood cells travel across
platelet clumps on the vascular endothelium. MAHA in TTP results from shearing forces as red
blood cells travel across platelet clumps on the vascular endothelium, producing fragmented
red blood cells known as schistocytes.
Expressive aphasia is an example of neurologic manifestation occurring in TTP resulting from
brain damage, particularly the areas concerned with language. Consequently, the patient's
speech production gets severely damaged, even though his or her intellect might be intact. The
usual cause of aphasia is brain injury or stroke, which damages one or more areas of the brain
dealing with language. In most cases, neurologic symptoms including expressive aphasia occur
in the course of TTP [3]. This argument is based on the interaction between the circulating
platelets and the vascular endothelium that results in a profound dysregulation of coagulation.
CT scan of these patients may demonstrate infarcts in specific sections of the brain that
correlate with neurologic findings including expressive aphasia [1].
Research studies have demonstrated incidences of atypical TTP in patients with strokes. Idowu
and Reddy present a case of a middle-aged woman with atypical thrombocytopenic purpura
who presented with an inability to speak, mild dysarthria, and expressive aphasia [5]. The
patient showed marked improvement in her neurologic status upon receiving seven TPEs. Crum
and O'Brien in their research article reported two TTP cases where initial findings majorly
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comprised neurologic deficits including expressive aphasia, hence causing delays in diagnosis
[6]. These neurologic deficits were later followed by hematologic manifestations. A research
study by Boattini and Procaccianti has also shown that TTP is commonly associated with
abnormal brain neuroimaging and that therapeutic plasma exchange (PEX) is useful in
resolving the symptoms [7]. A case report by Azmi and Maizuliana of a 38-year-old lady who
presented with TTP, expressive aphasia, and right-sided body weakness also shows that these
symptoms may commonly occur together [8].TTP is a hematologic condition that is described
by a pentad of neurologic and renal abnormalities, fever, anemia, and thrombocytopenia.
Patients with TTP in most cases present with neurologic deficits; however, expressive aphasia
is rare, hence requiring further investigations to ensure effective management.
The diagnostic test for TTP is an ADAMTS13 assay, which expresses ADAMTS13 activity as a
fraction of normal activity within pooled plasma [9]. Given that ADAMTS13 assay takes several
days to return, a preliminary diagnosis can be made clinically if the patient presents with
MAHA and thrombocytopenia without another known cause and without acute renal failure. If
acute renal failure is present, HUS is more likely. A PLASMIC score, as was calculated in our
patient, is often used to determine the probability that severe ADAMTS13 protease deficiency
is present based on several clinical findings, with 1 point assigned to each. In 2018, a study
evaluated the success of PEX therapy in patients with low intermediate (0-5) risk scores and
high (6-7) risk scores [4]. In the high-risk group, treatment with PEX therapy leads to
significantly increased survival [4]. With a PLASMIC score of 6, the present patient is
considered at high risk, and PEX was conducted prior to the return of an ADAMTS13 level assay.
TTP is a recognized rare disease according to the National Heart, Lung, and Blood Institute, a
center part of the National Institutes of Health. As with many rare diseases, treatment
modalities are scarce, but novel studies are underway [10]. In the subsequent paragraphs, the
accepted treatment guidelines are reviewed, in addition to other treatment modalities used in
refractory cases as well as novel biologics being studied currently.
The recognized guideline treatment for TTP is plasmapheresis or PEX for acquired TTP or
plasma therapy for inherited TTP. For inherited TTP, plasma therapy is instituted to replace the
ADAMTS13 enzyme [7,10-13]. In acquired TTP, PEX is used to remove anti-ADAMTS13 enzyme
antibody and to replete the enzyme itself. A once fatal process now has a survival benefit of up
to 85% using PEX [12,13]. As soon as a diagnosis is made or suspect TTP, PEX should be
initiated at 1.5x plasma volume exchange for the first procedure and 1.0x plasma volume
exchange for subsequent treatments. This process is performed until platelet concentration
reaches normal levels, organ involvement has resolved, and hemolysis has terminated [8,13].
Steroids are often the mainstay of treating autoimmune disease such as
immune thrombocytopenia, systemic lupus erythematosus, and Sjogren’s syndrome to name a
few. However, evidence of its effectiveness in treating TTP is minimal at best. Coppo and
French Reference Center for Thrombotic Microangiopathies evaluated the outcomes in various
studies and concluded that steroids given in combination with PEX versus PEX alone were
equivalent [11-13]. Furthermore, it has been observed that relapse occurs more frequently with
steroid treatment. Nevertheless, current guidelines recommend the initiation of systemic
steroids of 1.5 mg/kg/day for three weeks, which is quite reasonable [12]. Some studies even
suggest using high-dose methylprednisolone (10 mg/kg/day for three days followed by 2.5
mg/kg/day) as an adjunctive treatment with PEX for patients with new-onset TTP, achieving a
modest 78% remission after 23 days of treatment in a small study [13].
Rituximab is an anti-CD20 monoclonal antibody originally developed to treat B cell
malignancies [7,13]. However, several trials have shown its effective properties and high
response to treat TTP, and it has now become the mainstay first-line treatment in both the

2020 Filatov et al. Cureus 12(4): e7661. DOI 10.7759/cureus.7661

6 of 9

acute phase and refractory cases (i.e., exacerbations or no improvement in clinical features or
lack of platelet response within four days of PEX) and has led to remission in one to four weeks
in patients [7,11-13]. For acute cases, two prospective trials resulted in shorter hospitalization
and fewer relapses in patients who did not respond optimally to PEX. As with other treatments
discussed below, targeting the inhibition in the production of anti-ADAMTS13 antibody with
four infusions at 375 mg/m2/week after PEX is the goal using rituximab. This therapy quickly
reduces peripheral antibody-producing B cells, thus causing a rapid and substantial reduction
in anti-ADAMTS13 antibody. Remissions have been significant within the first year of therapy.
These are considerably significant when compared with other modalities of therapies.
Cyclosporine and vincristine have historically been used in refractory TTP. Both of these agents
have been reported to have a steady remission rate in refractory TTP, up to 73%, and in some
instances are being used as frontline agents in a small subset of patients, when response to PEX
is inadequate. Nevertheless, the literature and specialists consider these choices as secondary
or salvage therapy after rituximab [8,13]. These two agents have suppressive properties of the
anti-ADAMTS13 antibody. However, novel randomized studies have resulted in a more
significant response, with steroids decreasing the serum concentration of anti-ADAMTS13
antibody, questioning these two agents’ utility in treatment.
Rare diseases such as TTP are on the path of achieving medical breakthroughs with novel
antigen/antibody-targeted treatment modalities. caplacizumab, an inhibitor of VWFglycoprotein 1b interaction (formerly ALX-0081), may pave the way for the HERCULES trial,
which is a phase III double-blind placebo-controlled study which is using caplacizumab to show
promising results. Significant results such as shorter time to platelet recovery, decrease in
ischemic organ dysfunction through inflammatory biomarkers, and reduction in the incidence
of exacerbations are paving the way to make this drug quite promising.
One concern highlighted by this case is the exclusion criteria for TPA administration in a
patient presenting with neurologic deficits and a negative head CT. According to the American
Heart Association (AHA) and the American Stroke Association (ASA) guidelines, the inclusion
criteria for initiation of TPA includes a clinical diagnosis of ischemic stroke with neurologic
deficit, time from symptom onset between 3 and 4.5 hours, and no absolute
contraindications [14]. As per the ASA/AHA, a platelet count of <100,000 is an absolute
contraindication, and a CBC is required as part of immediate testing in a patient with stroke
symptoms [14].
A retrospective cohort study published in 2015 examined the importance of awaiting the results
of a CBC prior to initiating TPA. The study population consisted of patients receiving TPA in a
hospital in both China and the United States and showed that a significantly shorter door-toneedle interval was found in a group of patients who received TPA prior to the return of CBC
results [13]. Additionally, of the patients who received TPA before CBC was returned, 98.8% of
patients had normal results [13]. The remaining patient had a platelet count of 88,000, and no
adverse event occurred from TPA administration. Applying the results of this study would have
been catastrophic in our patient and raises several pertinent questions: if time is of the essence
and we cannot wait for a CBC to return, how often would we be causing a negative outcome,
most importantly, intracranial hemorrhage? In a patient with no risk factors for ischemic
stroke, including young age and no significant medical history, should we be concerned for a
hematologic cause and wait for a CBC even if we risk closing the window for TPA
administration?

Conclusions
TTP is an autoimmune condition that affects the coagulation system, resulting in the formation
of microscopic blood clots in any blood vessel such as the cerebral arteries. Clinical
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presentation of TTP occurs due to end-organ damage and reduced blood flow. Neurologic
manifestations such as expressive aphasia, altered mental status, visual disturbances, seizures,
and paresthesia can often be experienced by these patients as a result of cerebral ischemia
caused by microscopic clots occurring in the cerebral arteries. Patients with TTP can present to
the emergency setting in the same manner as patients with an acute stroke with negative CT
imaging. This can prompt physicians to treat these patients as ischemic stroke patients and
administer TPA, which highlights the importance of checking a CBC prior to stroke
intervention.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1.

2.

3.
4.

5.
6.
7.

8.
9.
10.

11.

12.
13.

Sadler JE: What's new in the diagnosis and pathophysiology of thrombotic thrombocytopenic
purpura. Hematology Am Soc Hematol Educ Program. 2015, 2015:631-636.
10.1182/asheducation-2015.1.631
Williams LA, Marques MB: Pathology consultation on the diagnosis and treatment of
thrombotic microangiopathies (TMAs). Am J Clin Pathol. 2016, 145:158-165.
10.1093/ajcp/aqv086
Sayani FA, Abrams CS: How I treat refractory thrombotic thrombocytopenic purpura. Blood.
2015, 125:3860-3867. 10.1182/blood-2014-11-551580
Li A, Khalighi PR, Wu Q, et al.: External validation of the PLASMIC score: a clinical prediction
tool for thrombotic thrombocytopenic purpura diagnosis and treatment. J Thromb Haemost.
2017, 16:164-169. 10.1111/jth.13882
Idowu M, Reddy P: Atypical thrombotic thrombocytopenic purpura in a middle‐aged woman
who presented with a recurrent stroke. Am J Hematol. 2012, 88:237-239. 10.1002/ajh.23249
O’Brien TE, Crum ED: Atypical presentations of thrombotic thrombocytopenic purpura . Int J
Hematol. 2002, 76:471-473. 10.1007/bf02982814
Boattini M, Procaccianti G: Stroke due to typical thrombotic thrombocytopenic purpura
treated successfully with intravenous thrombolysis and therapeutic plasma exchange. BMJ
Case Rep. 2013, 2013:bcr2012008426. Accessed: April 10, 2020: 10.1136/bcr-2012-008426
Azmi AN, Maizuliana H: Young ischemic stroke as presentation of thrombotic
thrombocytopenic purpura: a case report. IJMRHS. 2017, 6:121-124.
Levy GG, Motto D, Ginsburg D: ADAMTS13 turns 3 . Blood. 2005, 106:11-17. 10.1182/blood2004-10-4097
George JN, Al-Nouri ZL: Diagnostic and therapeutic challenges in the thrombotic
thrombocytopenic purpura and hemolytic uremic syndromes. Hematology Am Soc Hematol
Educ Program. 2012, 2012:604-609.
Coppo P; French Reference Center for Thrombotic Microangiopathies: Management of
thrombotic thrombocytopenic purpura supports thrombotic thrombocytopenic purpura. Clin
& Bio Trans. 2017, 24:148-153. 10.1016/j.tracli.2017.05.015
Coppo P, Veyradier A: Current management and therapeutical perspectives in thrombotic
thrombocytopenic purpura. Presse Med. 2012, 41:163-176. 10.1016/j.lpm.2011.10.024
Dong Y, Yang L, Ren J, et al.: Intravenous tissue plasminogen activator can be safely given
without complete blood count results back. PLoS One. 2015, 10:e0131234.
10.1371/journal.pone.0131234

2020 Filatov et al. Cureus 12(4): e7661. DOI 10.7759/cureus.7661

8 of 9

14.

Jauch EC, Saver JL, Adams HP Jr, et al.: Guidelines for the early management of patients with
acute ischemic stroke. Stroke. 2013, 44:870-947. 10.1161/STR.0b013e318284056a

2020 Filatov et al. Cureus 12(4): e7661. DOI 10.7759/cureus.7661

9 of 9

